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INTRODUCTION 
Pending noise  c e r t i f i c a t i o n  of helicopters has focused a t t e n t i o n  on the  
effects of their opera t ions  on ground noise  exposure. Knowledge of t h e  effects 
of helicopter conf igura t ions  (blade numbers, a i r fo i l  conf igura t ion ,  etc.) and 
opera t ions  p l ays  an important role i n  t h e  evolut ion of f i n a l  procedures to be 
u t i l i z e d  for the  noise  c e r t i f i c a t i o n  of he l icopters .  In  addi t ion ,  as noted i n  
reference 1 ,  t h e  p red ic t ion  of realist ic and r ep resen ta t ive  ground noise  con- 
tours, or foo tp r in t s ,  caused by var ious a i r c r a f t  operat ions,  including h e l i -  
copters, can aid s i g n i f i c a n t l y  i n  minimizing the noise  in t rus ion .  
Considerable effort has been expended i n  an attempt to b e t t e r  understand 
helicopter ope ra t iona l  effects so that  improved noise  p red ic t ion  techniques can 
be developed (ref. 2 ) .  Measurements made to da te  are providing a b e t t e r  under- 
standing of the phys ica l  phenomenon involved. However, t h e  results from s i n g l e  
po in t  measurement programs suggest t h a t  the determination of t r u e  ground expo- 
sure necess i t a t e s  t h e  use of numerous ground noise  measurements a t  mul t ip le  
l oca t ions  along, and perpendicular to, the  aircraft  ground track. The r ecen t ly  
developed remotely operated mul t ip le  a r ray  acoustics range (ROMAAR) a t  NASA 
Wallops F l i g h t  Center,  reference 3 ,  was designed to provide an arrangement for 
obtaining noise measurements along the  a i r c r a f t  ground track and a t  var ious  
la teral  pos i t i ons  simultaneously along w i t h  information on a i r c r a f t  pos i t i on ,  
operat ing parameters, and local meteorological information. 
In  order to expand the data base of helicopter e x t e r n a l  noise  character- 
istics, NASA conducted a f lyover  noise measurement program u t i l i z i n g  the  NASA 
C i v i l  Helicopter Research Aircraft. In  these s tud ie s ,  both the ROMAAR and a 
2560-m l i n e a r  microphone a r r ay ,  l a i d  o u t  along a runway a t  NASA Wallops F l i g h t  
Center,  were u t i l i z e d  for the  purpose of documenting t h e  noise  characteristics 
of the test he l i cop te r  during f lyby and landing operat ions.  By u t i l i z i n g  both 
the  RopllAAR concept and the l i n e a r  a r ray ,  the  data necessary to plot the  ground 
noise  f o o t p r i n t s  and noise  r ad ia t ion  p a t t e r n s  were obtained. 
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The purpose of t h i s  paper is to p resen t  examples of the  measured no i se  
s igna tu re  of the  test he l i cop te r ,  the ground noise  f o o t p r i n t  or contours, and 
t h e  d i r e c t i v i t y  p a t t e r n s  measured during l e v e l  f lyby and landing ope ra t ions  of 
a large, multibladed, nonbanging he l i cop te r ,  the CH-53. 
APPARATUS AND METHODS 
T e s t  Site 
The NASA Wallops F l i g h t  Center on t h e  Eastern Shore of Vi rg in i a  was chosen 
as the  test s i te  of these acous t i c s  tests. The sketch of f i g u r e  1 ind ica t e s  
t h e  geographical r e l a t i o n s h i p  between t h e  Wallops F l i g h t  Center and t h e  Langley 
Research Center. The i n s e r t  i n  the  f igu re ,  an aerial  photograph of the  airfielc 
a t  Wallops F l i g h t  Center, g ives  an ind ica t ion  of t h e  general  runway l ayou t  and 
the type of t e r r a i n  surrounding the  test area. 
The Wallops F l i g h t  Center offers a number of d e s i r a b l e  c h a r a c t e r i s t i c s  thai 
are necessary for f lyover  noise  tes t ing .  The RClMAAR (ref. 3) is located a t  t he  
Wallops F l i g h t  Center and was made a v a i l a b l e  for t h i s  series of acous t i c s  tests. 
The RcplIAAR is located i n  an area south of the  a i r f i e l d  where ambient no i se  is 
l o w  and where a i r c r a f t  o t h e r  than t h e  one under test do not  operate rout inely.  
The microphone a r r a y  is located i n  r e l a t i v e l y  f l a t ,  open areas which tend to 
minimize sh i e ld ing ,  r e f l e c t i o n ,  and shadow-zones, etc. The range is supported 
by a i rcraf t  t racking and weather observation f a c i l i t i e s .  
The general  ROMAAR and l inear-array concept combines t h e  basic elements of 
f lyover noise  t e s t i n g ,  which include acoustic measurements, a i r c r a f t  p o s i t i o n  
measurements, and weather measurements. The noise  measurement elements of t h e  
range c o n s i s t  of analog s t a t i o n s  (manned) and/or d i g i t a l  s t a t i o n s  (unmanned) 
For these tests, aircraft  p o s i t i o n s  over t h e  range and over t h e  l i n e a r  micro- 
phone a r r a y  were determined by radar,  and the  a i r c r a f t  operat ing parameters werc 
read from t h e  standard instrument panel aboard t h e  test a i r c r a f t .  Data from 
a l l  of the  above sources were t i m e  co r re l a t ed  using a t i m e  s i g n a l  generated by 
WWVB. 
Test  Helicopter 
The tes t  aircraft  for t h i s  series of noise experiments was a modified 
CH-53A turbine-powered t r anspor t  he l i cop te r  t h a t  is being u t i l i z e d  as a test 
bed i n  t h e  NASA C i v i l  Helicopter Technology Program. 
uprated engines and d r i v e  systems and has a normal gross  weight of 16 330 kg 
(the uprated engines and d r i v e  system make t h i s  machine comparable to  t h e  la te r  
D model). The test a i r c r a f t  has also been o u t f i t t e d  with a 16 seat passenger 
compartment f o r  r i d e  q u a l i t y  research. A photograph of t h e  he l i cop te r  u t i l i z e d  
for these tests is shown a t  the  top of f i g u r e  2. The gene ra l  dimensions of t h e  
CH-53 are shown i n  t h e  drawing a t  t h e  b o t t o m  of t h e  f igure .  Briefly, t h e  main 
rotor has  s i x  blades and has a 22-m diameter, and the  t a i l  rotor con ta ins  four 
blades and is 4.9 m i n  diameter. 
The tes t  he l i cop te r  has 
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A i r c r a f t  Opera t ions  
RCMAAR.- A s  i nd ica t ed  by the  schematic drawings of f i g u r e s  3(a) and (b) ,  
.anding and level f l y b y  o p e r a t i o n s  were performed over  t h e  ROMAAR. The ROMAAR 
:ons is ted  of 38 measurement p o s i t i o n s  which were loca ted  to the  south  of run- 
ray 04 and covered an  area approximately 500 m to e i t h e r  s i d e  of t h e  extended 
: e n t e r l i n e  of runway 04 and approximately 10 km downrange. The circles i n  t h e  
;ketches i n d i c a t e  t h e  approximate deployment of t h e  microphones. 
For t h e  landing  approach measurements, t h e  a i r c r a f t  approached t h e  range 
i t  an  a l t i t u d e  of approximately 457 m u n t i l  t h e  six-degree g l i d e  s l o p e  was 
intercepted;  a t  t h a t  p o i n t  a descent  was made to a f u l l  stop landing  a t  a p o i n t  
t p p r o x h a t e l y  40 m i n s i d e  t h e  approach end of  runway 04/22. For these  opera- 
:ions the  approach was always made from t h e  south,  d i r e c t l y  over t h e  ROMAAR. 
For t h e  l e v e l  f l yby  noise  measurements, c o n s t a n t  a l t i t u d e  f l y o v e r s  were 
nade along t h e  extended c e n t e r l i n e  of runway 04/22, d i r e c t l y  over t h e  RQMAAR. 
!!he helicopter was flown a t  a nominal a l t i t u d e  of approximately 152 m a t  an air-  
speed of 49 m/s. For t h i s  particular series of tests, the  h e l i c o p t e r  was flown 
)n reciprocal headings over the ROMAAR. The h e l i c o p t e r  f l i g h t  pa th  and power 
:onditions were s t a b l e  approximately 1 km prior to range e n t r y  and 1 km a f t e r  
Leaving t h e  range. 
During these  ope ra t ions ,  t h e  s p a t i a l  p o s i t i o n  of t h e  test a i r c r a f t  was 
getermined by u t i l i z i n g  a p r e c i s i o n  r ada r ;  t h e  gene ra l  s p e c i f i c a t i o n s  are l i s t ed  
in re ference  3. For both the  landing  approach ope ra t ions  and the  l e v e l  f l yby  
>pe ra t ions  over the ROMAAR range, the onboard f l i g h t  parameters were read from 
?ilot d i s p l a y  instruments .  
Linear  microphone array.-  As i nd ica t ed  i n  f i g u r e  3(c) ,  a l i n e a r  microphone 
s r r ay  was e s t a b l i s h e d  along the  c e n t e r l i n e  of runway 04/22. U t i l i z i n g  t h e  
standard analog measurement systems, microphone p o s i t i o n s  were e s t a b l i s h e d  a t  
3istances ind ica t ed  i n  t h e  sketch.  For t h i s  series of f l i g h t s ,  t he  f l i g h t  track 
Has e s t a b l i s h e d  perpendicular  to t h e  a r r a y  and overhead of t h e  c e n t e r  microphone. 
F l igh t s  were made on reciprocal headings a t  airspeeds of  47 and 82 m / s  and a t  
a l t i t u d e s  of 76 and 152 m. For t h i s  series of tests, t h e  aircraft  was i n  
s t a b i l i z e d  cond i t ion  approximately 1 km before  pass ing  over t h e  microphone 
ar ray  and these  cond i t ions  were maintained approximately 1 km a f t e r  pass ing  
overhead . 
Shown- i n  f i g u r e s  4(a) to (c) are r a d a r  data concerning t h e  a l t i tude ,  
lateral  displacement ,  and v e l o c i t y  t i m e  h i s t o r i e s  a s s o c i a t e d  wi th  the  f l i g h t  
opera t ions  over  ROMAAR f o r  t h e  six-degree approach and l e v e l  f l i g h t  cond i t ions  
and for l e v e l  f l i g h t  ope ra t ions  over t he  l i n e a r  a r r ay .  It can  be noted from 
these  f i g u r e s  t h a t  s l i g h t  v a r i a t i o n s  i n  a l t i t u d e ,  l a te ra l  displacement,  and 
v e l o c i t y  e x i s t e d  from f l i g h t  to f l i g h t .  These v a r i a t i o n s  i n  t h e  f l i g h t  path 
and v e l o c i t y  could  have r e s u l t e d  i n  some minor v a r i a t i o n s  i n  the no i se  l e v e l  
va lues  from f l i g h t  to f l i g h t .  Correc t ions  can be made for these  v a r i a t i o n s ;  
however, i n  t h i s  case they  were f e l t  to be so small t h a t  no attempt was made 
to inc lude  such c o r r e c t i o n s  for t h e  data of t h i s  paper. 
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METEROLOGICAL CONDITIONS 
Shown i n  f i g u r e s  S (a )  and (b) are the  measured v a r i a t i o n s  i n  selected 
meterological q u a n t i t i e s  for t h e  two time pe r iods  dur ing  which t h e  s u b j e c t  test, 
were conducted. Temperature, r e l a t i v e  humidity, wind d i r e c t i o n ,  and wind speed 
are plotted as f u n c t i o n s  of a l t i t u d e .  The hatched reg ion  r e p r e s e n t s  t he  ranges  
and measured v a l u e s  a t  a l t i t u d e s  up to and beyond the test a l t i t u d e s .  
d a t a  were obta ined  by means of s tandard  rawinsondes. Data concerning a l t i t u d e ,  
temperature,  and r e l a t i v e  humidity are te lemetered to a r ece ive r  on the ground, 
and d u a l  theodolities are used to track t h e  l i f t i n g  ba l loon  i n  order to o b t a i n  
the wind information. A l t e rna t ing  temperature and humidity sondes were release4 
a t  approximately 1/2-hour i n t e r v a l s  throughout t h e  tes t  period. These data are 
presented  for information only  and no c o r r e c t i o n s  have been made to the  measurec 
no i se  data of this paper to re fe rence  day condi t ions .  
These 
TEST RESULTS 
Noise Characteristics 
Typical no i se  characteristics of the  test h e l i c o p t e r  dur ing  a l e v e l  f l y -  
over  operation a t  an a i r speed  of 49 m/s  and an a l t i t u d e  of 1 5 2  m are i l l u s t r a t e 4  
i n  figure 6. Presented i n  t h e  lef t -hand p o r t i o n  of t h e  f i g u r e  is a sound pres-  
sure l e v e l  time h i s t o r y  measured on the ground track d i r e c t l y  under t h e  tes t  
aircraft. The time of overhead passage of t h e  helicopter is noted on t h e  f i g -  
ure ,  and it can be seen  t h a t  for t h i s  p a r t i c u l a r  h e l i c o p t e r  t h e  maximum sound 
pressure l e v e l  occurs  a t  approximately overhead passage. A frequency spectrum 
of the noise  a t  t h e  time of maximum sound pressure l e v e l  is shown i n  t h e  r i g h t -  
hand p o r t i o n  of t h e  f igu res .  It  can be seen tha t  t h e  spectrum is dominated by 
t h e  r e l a t i v e l y  l o w  frequency components associated w i t h  t h e  main- and ta i l -  
rotor blade r o t a t i o n a l  noise.  For a l l  of t h e  measurements made a t  the analog 
s t a t i o n ,  data of the type i l l u s t r a t e d  i n  f i g u r e  6 are ava i l ab le .  For t h e  dig- 
i t a l  s t a t i o n s ,  the dB(A) descriptor was selected for the  purpose of r epor t ing  
and dB(A)  t i m e  h i s t o r i e s  are a v a i l a b l e  from each of t h e s e  measurement s t a t i o n s .  
Noise Level V a r i a b i l i t y  
The data of f i g u r e s  7, 8, and 9 are included to i n d i c a t e  t h e  data spread 
and v a r i a b i l i t y  experienced for t h i s  series of tests. An i n d i c a t i o n  of the  
noise  v a r i a b i l i t y  can  be obta ined  by examining t h e  histograms of f i g u r e s  7 
and 8. Shown . in  these f i g u r e s  are histograms which i n d i c a t e  the v a r i a t i o n s  i n  
maximum dB(A) for s i x  f l i g h t s  of the test aircraft  over t h e  2560-m l i n e a r  a r r a y  
a t  an a l t i t u d e  of 152 m and an airspeed of 49 m / s  and during an approach opera- 
t i o n  over  the ROMAAR. Data are grouped i n  i n t e r v a l s  of 5 dB(A) . I n  gene ra l ,  
these  figures i n d i c a t e  that less scatter is associated w i t h  s t a t i o n s  located 
under the aircraft, a long the f l i g h t  track than  a t  t he  l a t e r a l  loca t ions .  A s  
d i s t a n c e  inc reases  and/or as l o o k  angle  decreases, the v a r i a b i l i t y  i n  t h e  
noise  measurements increases .  
Presented i n  f i g u r e  9 are average data from four passes of the test he l i -  
copter Over t h e  ROMAAR a t  an  a l t i t ude  of 152 m and an  a i r speed  of approximately 
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49 m/s. The data, presented a t  t h e  top of t h e  figure, are for t h e  on-track 
microphones only. The average l e v e l s  frcan these microphones are shown as 
func t ions  of pos i t i on  on t h e  track: as an a id  to i n t e r p r e t a t i o n ,  a l h e  has 
been drawn a t  a nominal l e v e l  of 80 dB(A) .  It is i n t e r e s t i n g  to note  t h a t ,  
over the e n t i r e  10-km length of the ROMAN?, the on-track v a r i a t i o n s  are on t h e  
order of approximately 3 dB (A). 
U t i l i z i n g  t h e  average dB(A) levels from a l l  measurement s t a t i o n s  i n  t h e  
RCMAAR a r r a y  for the  same four l e v e l  f lybys ,  da t a  are presented i n  the  lower 
por t ion  of f i g u r e  9 which ind ica t e  the ex ten t  of t h e  ground noise  f o o t p r i n t  of 
the he l icopter .  For each measurement s t a t i o n ,  the erage  dB(A) l e v e l  for the  
four f l i g h t s  is shown a t  t h e  measurement s t a t i o n  loca t ion .  Based on these 
average l e v e l s ,  the 75-dB(A) and 70-dB(A) noise  contours,  or f o o t p r i n t s ,  were 
developed. These contours  were obtained by appropriate cross -p lo t t ing  and 
ex t r apo la t ion  of the average values  of the measured noise  leve l  parallel to 
and perpendicular to  t h e  aircraft ground track. Inspect ion of the contour 
ind ica t e s  t h a t  the p a t t e r n  is q u i t e  symmetrical i n  na ture  around the  aircraft  
ground t rack.  
Ground Noise Contour and D i r e c t i v i t y  Pa t t e rns  
Six-degree landing approach operations.-  The ground noise  contours  for 
a six-degree landing approach of the  test helicopter are shown i n  figure 10. 
These contours  were constructed u t i l i z i n g  t h e  average of t h e  maximum dB(A)  
l e v e l s  measured a t  each of the  38 ground noise  meaurement s t a t i o n s  during f i v e  
6O landing opera t ions  over t h e  ROMAAR. Again, these contours  were constructed 
by c ross -p lo t t ing  and ex t r apo la t ion  of the  average of the values  of the measured 
l e v e l s  parallel  and perpendicular to  t h e  a i r c r a f t  ground t rack .  Again, it 
should be noted t h a t  the o rd ina te  and absc issa  are p l o t t e d  to the  same scale. 
One can see t h a t  during t h e  approach t h e  contours  are parallel to t h e  f l i g h t  
t rack  and are symmetrical i n  nature. A s  t h e  helicopter begins its descent 
o the r  contours  appear and, due to t h e  descending f l i g h t ,  these contours  close. 
These closed contours are also symmetrical about the  f l i g h t  track which suggests 
t h a t  t h i s  particular he l i cop te r  does not  e x h i b i t  any sharp ly  d i r e c t i o n a l  no ise  
pat tern.  
Further  i n s i g h t  i n t o  t h e  noise  r a d i a t i o n  p a t t e r n s  for t h e  test helicopter 
can be obtained by examining the results from the l e v e l  f lybys  over the  l i n e a r  
microphone array.  
Level flybys.- The data of f i g u r e  11 represent  a i r c r a f t  no ise  d i r e c t i v i t y  
p a t t e r n s  obtained as  a r e s u l t  of analyzing the noise  data for s i x  passes of the 
test aircraft over the  l i n e a r  microphone array.  The aircraft  was frozen over- 
head of the cen te r  microphone of t h e  l i n e a r  a r r ay  and a t  s e v e r a l  l o c a t i o n s  
during the  approach to and the departure from the  a r ray .  The aircraft was 
frozen a t  five-second i n t e r v a l s  along the f l i g h t  track, and t h e  dB(A) levels 
were read from the time histories a t  each measurement loca t ion  for t h a t  partic- 
ular t i m e .  
These data were then ex t rapola ted  and cross-plotted: one could then choose a 
particular dB(A) value and a cons tan t  dB(A) contour or l i n e  drawn thkough t h e  
in t e rcep t  points .  
I n  t h i s  manner a gr id  of dB(A) va lues  was e s t ab l i shed  for each pass. 
The da ta  of f i g u r e  11 show that the  r ad ia t ion  p a t t e r n  is 
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symmetrical about the f l i g h t  path a x i s ;  however, t h e  l e v e l s  seem to be somewhat 
higher to either side of the a i r c r a f t  than those to the  f r o n t  and rear of the 
aircraft. These da ta  g raph ica l ly  i l lus t ra te  t h e  symmetrical p a t t e r n s  t h a t  were 
suggested by the previous f igure .  
The v a r i a t i o n  i n  t h e  d i r e c t i v i t y  p a t t e r n s  for t h e  test helicopter as a 
func t ion  of a l t i tude  and airspeed are i l l u s t r a t e d  in  f i g u r e  12. It can be seen 
t h a t  increasing a l t i t u d e  r e s u l t s  i n  very small changes i n  t h e  shape or s i z e  of 
the rad ia t ion  pa t te rns .  This  suggests  t h a t  a uniform rad ia t ion  p a t t e r n  e x i s t s  
below t h e  he l icopter .  
measured a t  the same al t i tude, ,but  a t  two airspeeds show an increase  i n  the radi- 
a t i o n  p a t t e r n  s i z e  i n  add i t ion  to a change i n  shape. The increase  i n  l e v e l  is 
thought to be due to the increase  i n  disc loading a t  the  higher speeds, while 
t h e  shape is thought to be modified by a change i n  t h e  tilt to t h e  blade t i p  
path. 
On t h e  o t h e r  hand r a d i a t i o n  p a t t e r n s  developed from da ta  
CONCLUDING RElvIARKS 
A f i e l d  measurement program was conducted u t i l i z i n g  the NASA C i v i l  H e l i -  
copter Research Aircraft. I n  these s tudies  both t h e  remotely operated m u l t i p l e  
a r r a y  acoustic range (RCMAAR) and 2560-m l i n e a r  microphone a r r a y  l a id  o u t  along 
a runway a t  t h e  NASA Wallops F l i g h t  Center were u t i l i z e d  for t h e  purpose of 
documenting the noise  characteristics of the  test he l i cop te r  during f lyby  and 
landing operat ions.  By u t i l i z i n g  both the  ROMAAR concept and t h e  l i n e a r  a r r ay ,  
the data necessary to plot ground noise  f o o t p r i n t s  and noise  r a d i a t i o n  p a t t e r n s  
were obtained. 
The results of these tests ind ica t e  that both t h e  ground noise  contours  
and t h e  r a d i a t i o n  p a t t e r n s  for t h i s  p a r t i c u l a r  helicopter are symmetrical about 
the f l i g h t  a x i s  of the he l icopter .  It was also shown t h a t  increas ing  a l t i t u d e  
d i d  no t  s i g n i f i c a n t l y  modify t h e  r ad ia t ion  p a t t e r n  while  increas ing  speed caused 
higher l e v e l s  and a d i s t i n c t  change i n  the  r ad ia t ion  pa t te rn .  
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Figure 1.- Schematic illustration of geographical relationship 
between Wallops and Langley. 
Figure 2.- Turbine-powered helicopter used in tests. 
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(b) Level flyby over R O U .  
Figure 3.- Schematfc drawings of landing and level flyby operations 
performed by test helicopter. 
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(c) Level flyby over linear array. 
Figure 3.-  Concluded. 
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(a) Six-degree landing approach over ROMAAR. 
Figure 4.- Radar tracking and aircraft velocity information. 
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(b) Level f lyby over ROMAAR. 
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(c) Level f lyby  over l i n e a r  a r ray .  
Figure 4.- Concluded. 
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(a) R O W  operat ions.  
(b)  Linear a r r a y  opera t ions .  
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Figure 5.- Var ia t ions  i n  meteorological  condi t ions  f o r  two  test per iods.  
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Figure 6.- Typical noise characteristics of test helicopter 
during level flyby. Altitude =i 152 m, airspeed = 49 m/sec. 
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Figure 7.- Variation in maximum dB(A) levels over linear microphone 
array for six flights at 152-m altitude at speed of 49 m/sec. 
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Figure 8.- Varia t ion  i n  maximum dB(A) levels f o r  f i v e  six-degree 
landing approach f l i g h t s  over ROMAAR. 
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Figure 9.-  Noise v a r i a b i l i t y  along ground t r a c k  using ROMAAR f o r  
four  l e v e l  flybys a t  152-m a l t i t u d e  and 49-m/sec airspeed.  
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Figure 10.- Ground noise  contours from f i v e  f l i g h t s  u t i l i z i n g  
six-degree approach over R O W .  
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Figure 11.- Ground noise  d irec t iv i ty  patterns for  six level f lybys over 
l inear  array at 152-m al t i tude  and 49-m/sec airspeed. 
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Figure 12.- Variations in 75-dB(A) noise directivity patterns 
over linear array for altitudes of 76 and 152 m and airspeeds 
of 49 and ,82 m/sec. 
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